f J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




\'J Publication number: 



0 497 022 A1 



EUROPEAN PATENT APPLICATION 



CN 

o 
o 



Qm 

LU 



AcoiiCation nurr.zer 91300772.0 
Oate of filing. 31.01.91 



'ty Date of publication of aopiication: 
05.08.92 Bulletin 92/32 

© Designated Contracting States: 
OE FR G8 

O Aoplicant: Hewlett-Packard Company 
Mail Stop 20 B-O, 3000 Hanover Street 
Palo Alto, California 94304(US) 

0 inventor: Wink. Martin 

c/o Hewlett-Packard Limited, Nine Mile Ride 
Wokingham. Berkshire, RG11 3LL(GB) 



'D mt. cn G06F 15/40, G06F 9 44. 
H04M 3 56. H04N 7 14 



inventor Jennings. Richard 
c/o Hewlett-Packard Limited. Nine Mile Ride 
Wokingham. Berkshire. RG11 3LL(GB) 
Inventor: Baker, Colin 

c/o Hewlett-Packard Limited. HP Labs. Filton 
Road 

Stoke Gifford. Bristol. BS12 6Q2(GB) 

Representative Smith. Denlse Mary et al 
Hewlett-Packard Limited Cain Road 
Bracknell. Berkshire RG12 1HN(GB) 



CL 

o 

o 

n 

o 

6 

CO 

0) 



© Conference system. 



\D present invention refates to a di^tributpn nn^i * 

so-. ,0,0 c«.m and server components -see Fin ure rf (£h -^T* ^ ° b,eCtS are 
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The present invention relates to a disputed computer system and relates particularly but not 
exclusively, io a multimedia attributed cbject-based conference system. 

The obiect-based aooroach to system development -s becoming well-established The basic idea is to 
program .;h e system ,n terms of software ob,ects. each hav.ng „ s own data ana methods for ooerat.ng on 
5 the aat a. Objects intercommunicate by means messages. An advantage .n encapsulating data and 
metnods m th.s way -s that the resulting system ,s relatively easy to maintain and develop. An example .s 
NewWave Man (produced and sold by Hewiett-Packara. wh,ch .< an ob,ec,.based electronic mail applica- 
tions program ,n wh,ch messages anc message components, such as text, d.str.bution lists, etc. are treated 
as cojects. 

'■: An ob,ect can be regarded as a d.screte entity wn, C h can ,nd,v,dually be moved, copied destroyed etc 
An obiect .s .n,t,aily some data stored on d.sc or other medium, if object management software wisnes to 
pass a message to ,t. one or more processes will be coated wh,ch read the data as part of .n.t.ab*at.on If 
an oo,ect .s fully def.ned by its aata and has no processes associated with ,t. ,t ,s sa.d to be "inactive" if an 
ccject has one or more processes associated with .. and .s defined by the state of that process or 
■ 5 processes and data then it is said to be "active". 

A distributed ob,ect based system , s one m which several workstations are interconnected over a 
network ana messages between objects of the system can be sent over the network. Objects themselves 
may also be transm.ss.b.e over the network. A network may comp„se several interconnected intelligent 
workstations or a central computer connected to several terminals /workstations) or several .nterconnected 
.'0 server machines w,th .nteiligent workstations connected to each server, or a mixture of these possibilities 
The term workstation" is intended to be applicable to an of these possibilities 

in a distnouted object based system there are benefits m splitting sharabie semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared object. For example in 
the context of a distributed ccnferenc.ng system a whiteboard obiect would have a semantic oart defining 
*s tne state of the object and a presentation part lor defining the appearance of the object to be displayed to a 
user and for enabling the user to make input. Several users may have access to a pre S entat.on part for 
v.ewing the whiteboard obiect -so that they can each mane contributions m a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arranged m a client-server arrangement «,th semantic object parts stored on 
jc server machines and presentation object parts stored on Cent machines. Alternately, semantic ob,ect 
parts may be distributed around user machines on a network of intelligent workstations. 

According to the present .nvent.on we prov.de an object based distributed computer system comprising 
a network of workstations and means for transm.tting objects oetween workstations characterized by objects 
including a first object type for storing data and a second object type for presenting data to a user wherein 
is objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data ol the object of the f.rst type, comprising means for transmitting an object of 
the second type between workstations thereby to create a -eference to the associated ob,ect of the f.rst 
_ type for each workstation receiving an object of the second type. 

The present invention provides an effective way of enaohng further users to have access to a semantic 
*> oo.ect part, either for the purpose of autonomous working or for the purpose of participating ,n a joint 
activity. ' ' 

in the embodiment to be described, the system comprises means for copy.ng an object of the spcond 
type between workstations. In that embodiment transmitted objects of the second type include an identifier 
for the associated obiect of the first type. 
* The system according to the present invention may be .n the form of a conferencing system comprising 
means enabling users of the workstations to participate m a meeting over the network wherein ob,ects of 
the first type store meeting data and ob f ects of the second type are for presenting meeting data The 
mvennon also provides a method of convening a meeting using such a system comprising transmitting an 
object of the second type between workstations thereby to create a reference to the associated object of 
■>a the first type for each workstation receiving an obiect of the second type. 

it is believed that poor communications are a maior cause of the poor performance of distributed teams 
of oeople working on a given proiect. The present .nvent.on aovantageously provides an ,mprovea 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention w,n now be described, by way of example with 
55 reference to the accompanying drawings in which- 

Figure i is a diagram of a distributed system according to the present invention. 
Figure 2 shows the major components of a server and workstation of the system: 
Figure 3 snows a voice and data network structure: 
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windows. 

A possible video network ts shown in Figure 5 The video network is based on a central video switch 54 
connected using a star topology to client workstations C Video signals are modulated on to VHF earners 
ana transmitted over standard analogue cabling 56. The video switcn 5^ is a conventional cable television 
=> switch. Several sucn switches can oe cascaced m a bar arrangement for large systems. 

For long distance video communications, a device 58 for compressing and decompressing vioeo 
signals (a "coaec") may be used and the signals are transmitted using ISDN teiepnone lines. 

The architecture of ;ne object-based system 10 will now be described. 

With reference to Figure 6. the structure of one user's portion of the system is represented. The 
functions of the objects are as follows: 

a Venue object (V) ts an electronic meeting place allowing control over media channels and providing a 
location for storing shared objects. A user may nave several Venue objects: 

a Phone Booth object (PB) controls the creation of Venue objects and oversees the setting up. 
maintenance ana Closing down of conferences. The P8 composes a processor for handling incoming and 
*5 outgoing calls: 

a Connection Manager object <CMt controls driver components iO- ... D„; which handle media 
connections for the system 10: 

a Directory object (0) which provides a hst of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function, eg. a 
20 whiteboard function. 

Figure 6 -s a conceotuai representation of the system 10 and the arrows represent mter-object 
communication. In the embodiment being described, the system comprises client workstations C and 
servers S ana most of the objects referred to m Figure 6 are functionally-split into a server component and 
one or more client components as indicated in Figure 7 
25 The server objects handle the centralized and distribution • oriented aspects whereas the client objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure 7. PB-s means a Phone Booth server object and P6-c means a Phone Booth client object, 
and so on. 

10 In this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whueboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interlace runs on MS-DOS NewWave client workstations 

The client workstations are each running an object-based system of the type described m European 
35 Patent Application No 339220A. the description of which is incorporated herein as Appendix A. Appendices 
A-0 mentioned m attached Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
t objects can be copied. During a copy operation, the container of the ooject to be copied sends a message 
to the OMF28 asking the OMF28 to copy the reievant object and identifying the container object which is to 
*o receive the copy obiect. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it to insert the copy ooject as one of us child objects. 

Mailing an object involves serialising the object, transmitting it to its destination and deserialising it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the obiect and 
js information about its properties and its child objects. 

Server objects are not linked by parent-child links in the manner in which client objects are so linked. 
All client objects contain a reference to their associated server object. Figure 3 shows the form of aata item 
60 used to name objects. The data item 60 »s an eight-byte array following the convention used for internet 
Protocol (IP) addresses. The first 64 bits is a machine identifier M l D comprising a 32 bit server IP address 
so ana a 32 bit machine IP address. For a server object the server IP address and the machine IP address will 
be the same whereas for a client object these will be different, if there i$ only one domain per machine, the 
domain identifier D I. D is zero. The object identifier O I 0 comprises a 32 bit generation count and a 16 bit 
tag. The 16 bit tag uniquely identifies the object within the relevant storage domain. Since tags are reusable 
when an object is deleted a generation count is used to ensure that each object is uniquely-named m time. 
55 The generation count is simply the time in seconds. 

When a client object is closed (inactive) it appears as an icon on a user's screen. The user opens the 
object by clicking on the »con Opening a client object causes it to sena a message to its associated server 
object informing the server object that the client object is now active i.e a Here Am I message. Until then. 
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Figure a shews video facilities for a client workstation. 
Figure 5 snows a video network structure: 
Figure 5 illustrates !he mam obiects in me system 
Figure 7 .-itustrates the functionally split nature cf :n e oo,ec!s ,n the sytem 
i r.gure 8 shows the ma |0 r components of the system infrastructure- 
Figure 9 shows a typical Venue: 
Figure 10 shows a CoMed.an directory: 

Figures n • 14 ,.<ustrate message sequences for system operations- 
ngures 1 5 • 27 show screens during a typical user *•«<,„„ 
•v The mam components of a multi-meca d,str:outeo ^e'et-ha^c mm^n, 

•nvent.on will first be described. --onierencmg system according to the 

Referring ;o Figure 1. a multimedia distributed ^heci-bas** - ftnl . 
cresen, mvent.on ,s indicated at 10 The « v «t-m m l' "°"'ewce system according » the 

network , 2 may be a wide area netwo^ ,WAN, X Z 3 C ° nneC,ea 0ve ' a ^ 

.5 network (MAN). Cien, workstat.ons C are connected \o e'acn 0 thTs^eTs 2^' T * ™ C °°^ a ' ea 
Servers S commun,ca.e w„h each other by opening v ,r,ua ZuZZ, * S 

pr.nc.pi.. dent wo.kstat.ons C cou.d communica* „i- T„, * * ' 0 ^TT ^ ^ 
and therefore each client workstation C has om y one J, LT -hlnnl? Cfea,6S 0faCt,Ca, Or0b ' ems 

c:ien, workstations to communicate w„h each other Z-erv*r S $ ° Den '° " S ,ocal S to enable 

ic Referring to Figure 2. each server S comprises: 

hardware 14. such as an HP9000 300 HP-UX .-.-.mouter ,u P « a , - 
Company). -mputer .HP , s a trade mark of Hewlett Packard 

operating system software 16. such as HP-UX software 

Remote Object Access Manager (ROAM) software 'ia for m*„» 
» workstations C connected to the server S and othe^c on £ neTo T* C ° mmun,Ca,,0ns 

COM software 20 providing object management facilities 

server odiects 21 which are obiects to *p shares i-^. 
ocect parts mentioned ,n the . mrodSn ^ USe ' S ^' Ch «««P°nd to the semantic 

Each client workstation C comprises: 
Jo haroware 22. such as an IBM-AT compatible PC: 

operating system software 24. such as OOS software 

windowing software 26. such as MS Windows aooi.cat.ons software 

an object management facility fOMFi ?fl o.rh «^ 

« obiects software 30. such as NewWave obierts am -nl- „ I , are) - 

for nandling communication with ob.eas oT^ r T$?S£^™ * 

presentation ob.ect parts mentioned ,n the mtroduct.cn ' C,S 32 corres P cnd » 

• obj^r sy^r ™^ ~ user ,nte " ace — — » ™ 

^ server S. '^' S l ° °* transm '«e<3 over the network ,2 via the associated 

The system 10 provides multimedia facilities to u=a,e - , , 

vo.ee and or video communion fac.ities as w". as da a aZ T C " em " CrkS,at, ° n C may have 

A poss.bie vo,ce and data network structure 40 < ^ fl "I ' T 
and B. a networked PC server 42 ,s conned Z local Pabx'Zpc" ^ °' ^ ^ 065,90316(3 A 

5 multi-port telephone interface cards (such as the VBxTnn r ! erV6r 42 C ° nta ' ns ° ne or more 

PABX „ controlled by the PC server 42 and users I I by Na,Ur3 ' M,c ^ s vstems inc.,. The 

are connected to the local PABX and cont^ Z££Z^Z££ * C ™ " ^ 
^Each of the s„es A and B corpses a LAN and a LAN WAN bridge iJSS^g the LAN w.th a 

? .eieX^o^nce 3 ^. I IT-cL* " ~ * ™" " «« ^ 

therefore d,a. ether users adding them ,n to m*£.Z£^t£ * ^ ^™ ™ *« ™ 
in order to conduct conferences over a wider area PC servers 4?» ,„h 43* „„ 

Furthermore, the Client work^tatione C mau he p,..^ k 

-tation. o may be fated w.m video cards to enable a user to view v,oeo .n 



/ 
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Button Appearance 


Meaning 


No button 

White, unnighhqhted 
Slack 

Red 


This person does not nave this meoia channel available. 

The media channel is available, but not chosen for use. 

The media cnannet has been selected. Gut is mactive because the person 

is not present in the Venue or the connection has not been completed yet. 

The media channel is being used. 



The lower portion of the Venue is taken up by the shared obiect area 73. This 'acts as a snarea foiaer. 
storing objects on the server and making them accessible to all users of the Venue. Inactive obiects are 
represented by an icon such as icon 38 m Figure 10. Objects m the shared object area 78 may oe client 
objects e.g. Whiteboard client objects, or may be standarc NewWave obiects. it is possible to move objects 
mto and out of the shared object area 73 of the Venue-client obiect. Moving a functionally-spiit object such 
as a Whiteboard object mto the shared object aiea 78 does not entail moving the Whiteboard-server object 
but just the Whtteboard-client object. The OMF28 instructs the Venue client object to insert the Whiteboard- 
client object as one of its children. The Whiteboard-c!ient object is then serialised by the Venue-client 
object ana sent to the Venue-server object. The Venue-server object updates its other active Venue-chem 
object with the news that a new Whiteboard object is available m the Venue and these Venue-client objects 
disolay the Whiteboard-client object icon in their shared object areas 78 accordingly. The Whiteboard- 
server object remains on whatever server »t was initially stored. Subsequent opening of the Whiteboard 
object by any of the users of the Venue cause a copy of the Whiteboard-client object to be serialised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents of the Wmteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-client object remains on that machine for subsequent use. 

In contrast, if a NewWave object icon is moved mto the shared object area 78 of a Venue-client cbject. 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server object. The Venue-server object then instructs its other active 
Venue-client objects to display the relevant NewWave object icon. Subsequent opening of trie Newwave 
ooiect by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ano sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
obiect and changes which a user makes are not reflected m the copies held on the other users' machines. 
This is a consequence of the non-functionally split nature of NewWave objects and »s an implementational 
feature rather than one which is important to the present invention. 

There is one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
with a directory 90 of oossibie meeting participants as shown m Figure \ \ The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a media selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out in the area 96. 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant appears in the area 94 as shown. The media connections are selectable by 
checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person in the area 94 ados that person to the list of Venue participants. In addition, the initials of the media 
options chosen (Phone. Video. Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by ce-checkmg the box beside the name of that person m the area 
94 Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will be implemented. The Convene option win be described later. 

There is also a Connection Manager obiect on each server machine providing the facility to interconnect 
users using different mecia. The Connection Manager object handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching requests curing use. The Connection Manager object 
performs the following services: 

maintains a list of media resources available m the system 

- detects wnen resources fail 

- monitors resource channel availability (;e. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using different media: 
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workstation B to the Phone Booth server object PB-s. if trie 'nvitaticn is accepted a Create Venue message 
(referenced 6) >s sent from the Phone Booth server object PB-s to the Phone Booth client object PC-c 
which causes >t to create a new Venue client object V-c' on client workstation B involving sending a Here Is 
Parent message (referenced 7) to the new Venue - client object V-c' to notify it of the identity of the Venue 
5 server object v-s. The new Venue client ocject V-c then sends a message (referenced 3) to the Venue 
server ooject V-s requesting information about the contents of me Venue. The reply from the Venue server 
cbject v-s is referenced 9 m Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as aiso to create a new Venue-client object V-c on that workstation and these messages are 
referencea 1 0- 1 3 m Figure 1 3. 

Finally, the Venue server obiect V-s sends a request deferences 14> to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs me relevant 
media drivers accordingly (dotted line referenced 15). 

The users of client workstations A and B can then communicate using the newly created Venue 

it is also possible to convene an existing Venue by selecting the Convene option within the Venue. 
This inmates a sequence of events whicn will be described with reference to Figure 14. Again, a server 
machine S and two client workstations A and B are represented. 

The user selection of the Convene option ts referenced t m Figure M. This causes the Venue client 
object v-c to send a Convene Request message (referenced 2) to the Venue server object V-s which 
20 notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 whicn 
identifies the intended meeting participants. The Phone Booth server ooject PB-s sends a Ring message 
/referenced 4) to the Phone Booth client objects PB-c on the workstations of the intended meeting 
participants causing a dialogue box to be displayed on these workstations inviting the users to partake in a 
meeting. When these users accept or decline the invitation this causes a reply message (referenced 5) to 
2<> be sent from each Phone Dooth client object PB-c* to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced 6) the Phone 
Booth client objects PB-c" to create new Venue client objects V-c on machines where a Venue client object 
linked to the Venue server object V-s is not already stored. Such new Venue ciient objects V-c' then send a 
message (referenced 8) to the Venue server object V-s requesting information about the contents of the 
jo Venue so that the appropriate »cons can be displayed m the shared area 78 of Figure 10 on the respective 
client workstations. The reply message containing' information aoout the contents of the Venue from the 
Venue server object V-s is referenced 9 m Figure t3. 

The Venue server object V-s then sends a request (referenced 10) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
js media drivers (not shown) accordingly (dotted lme referenced 1U The distributed meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
^ (Figures 14-17 of Apoendix A). On opening the new Venue-client object a Venue-server object also needs to 
be created Figure 15 depicts the process. A server machine is indicated by S and a client workstation by 

j o C. 

The act of opening the new Venue-ctient object v-c causes it to send a message (referenced t ) to the 
Phone Booth client object PB-c which triggers a message (referenced 2) to be sent from the Phone Booth 
client object PB-c to the Phone Booth server object P8-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object PB-s creates a new Venue server obiect V-s using a Venue Start 
js message (referenced 3). Next the new Venue-server object v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing the 10 of the Venue-server object. The new Venue 
client object V-c then sends a message (referenced 5; to the Venue server object V-s requesting 
information about the contents of the V6nue and there »s a corresponding reply (referenced 6) from the 
Venue server object. 

50 It is possible to add new meeting participants to an active Venue by selecting an Add New Member 
menu option. This causes a directory of potential participants to be displayed as shown in Figure 11 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices is conveyed from the Venue client object to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 

55 change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to be sent 
from the relevant Venue-client object to us Venue-server object informing the Venue-server object that the 
Venue-client object is deactivating. The Venue-server object then messages the Connection Manager object 
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• pomt-io-point 

- multi-comt: ait that are available 

fr.a-nta.ns l-st of establ.shed connections and ensures synchrony *„ a otn6r neIworks , e marntains 

a mooel of the state of other networks. 

cpt.m.;es sw.tcn.r.g to prevent unnecessary disconnect -connect transactions; 
orovices an interface for monitoring ana auditing: 
provides interface to mecia drivers. 

Another functionally solit ob.ec. which „ proved ,n tn,, system „ t he Wh.tebcard. A Wh.teooard obiec. 
^.teoo-rd or acquire an ,mage from another source and me mout ».H be visible to other US e l,n tne 
medium wn.cn allows users to look at a picture 0 f what they are o.scu«.ng 9 
vJTn** T^nn r amP ' e °' me apDearance *' a Whaeocard cl.en, obiect. The Wh.teboard ., being 

"eve ed » ^ ?S f " 9 3 ,,,le '° 2 3 menU ^ 104 A a ' ea '06 * *» ^ '00 

He In pt a °? C0m6n,S °' WhltebC ^' *'« CM. a map show.ng the location of a 

H e ,,e,t-P a card office. A, ,he bottom of the w.noow .00 ,, an area ,08 indicating me range of tools w 
are available to the user of tne Whiteboard. These tools compr.se: 9 



a scroller 


no 


a pointer 


112 


a selection of different coloured pen* 


1 14 


an eraser 


116 


a text selector 


n8 



Apart from the pointer n 2 . the tools are personal to a user ,e each of the users v.ew.ng the same 

~^z*r q ,he same ,o °' *°- a red - — ^ » - «« — - - ™ 

The scroller no can be used to scroll the ent.re w.ndow ,00 around the Whiteboard. Selecting ,h,s tool 
>urns ihe cursor into a compass enabl.ng the „ew of the Wh.teboard to be Cck-dragged around by the 

ro nlTSn T. T T P °' nter 1 ' 2 " 3 " me A USef ,3keS C0n,r0 ' °' lhe * clwiang on the 

CO.n.e ,ogo - th.s turns the cursor into a po.mer A, rh.s time, the other users v.ew.ng the Whueboard 
cannot see .he pointer n 2 . To show the pomter , ,2. the user needs to cck down at a chosen pp^n, n 
.ne draw.ng area ,06. The pointer 112 then becomes v.s.ble to all of the Wh.teboard users at that rhesen 
position. The cursor of the user who has just moved the po.n.er , 1 2 .everts to the default arrow 

■onn TT "!f„ SeVen COIOUre ° P6nS Selec,atle an * ^selectaole by Cck.ng on the appropr.ate pen 
ogo. enaol.ng different users to make input m different colours 

The eraser , ,5 .s selectable to remove marks on the Wh.teboard. Also, direct typing of text onto the 
Wmteooard can be done by selecting the text selector l ,6 

nJr T.!?^ '°V h J? ' S a ' SO r °° m ' 0r 3 S,a ' US meSSa,3e 120 As users °P en or cl °« the Wh.teboard 
other users are notified by a status message. 

Modes of operation of a system accord.ng , 0 the present .nvent.on w„< now be descr.bed. concentrat.ng 

first on utilization of the Venue. y 

Once a user selects participants and media as deserved w.th reference to Figure 11 and selects the 
Convene opt.on a process of events is .n.t.ated to create a new Venue ob.ect. Figure 13 shows the ob.ects 
ana the numbered sequence of messages. Figure ,3 depicts a server macn.ne S and two Cent 

Phone Booth Cen, ob,ect P8-c. On the server mach.ne S there .s .n.t.al.y a Phone Booth server ob,ect PB-s 
and a Connection Manager object CM. 

On selecting the Convene option us.ng client workstation A. wh.ch causes an ,nput (dotted i.ne 
.-eferenced „ to the Phone Booth Cent ob.ect PB-c. a message .referenced 2) „ sent from the Phone 
Boo h cent ob.ect PB-c to the Phone Booth server ob,ect PB-s on the server mach.ne S caus.ng the Phone 
Booth server ob,ect to create a new Venue server ob.ecr v-s us.ng a Venue Start message (referenced 3, 
The Phone Booth server ob.ect PB-s then sends a Ring message .referenced 4, to the Phone Booth ruent 
ot>,ect PB-: on cent workstation B causing a d.alogue box t0 appear on me screen of client worKstat.on B 
.nv,„ng the user ,o take pan in the proposed meet.ng That user accepts or declines the .nv.tat.on r ausing a 
rorresoond.ng message (referenced 5> to be sent from the Phone Booth Cent ob,ect PB-r G n -i.ent 
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To "ODen" an obiect. the user double clicks on ;he <elevant icon Referring to Figure 17 Martin has 
opened the Proiect Meeting Venue which is shown m a *mdow 1 74. The wmaow 174 has a menu bar 176 
wn.ch has similar options to the menu bar 130 of the w.naow 125 except a Meeting option instead of the 
Setting option. The window 174 displays a participants area 173. shewing only Martin, and a snared items 
5 area 180 which .s empty. Underneath a b.t map 1 82 of Martin is a name bar 184 which includes a 
notification of oresence and three media control buttons 185-7 for Phone, v.deo and Oata respectively Oniy 
the Data button 1 87 is highlighted m this example. ie. blacked out m Figure 17 

On se«ec:mg the Meeting option irom the menu oar 176 of the window 1 74. a CoMedian directory 
«mdow 190 apoears. Figure 18. The reference numerals for the CoMedian directory which were used m 
•o Figure ii will be retained here. Martin selects the name Richard Jennings from the list 92 of potential 
participants causing a picture of Richard to appear -n the area 94 together w.th crosses .n the v.oeo and 
oata boxes m the area 96 to indicate Richard's med.a selections. Th.s means that Richard will be contacted 
through the system for data sharing w.th both video and audio travelling over video connections. Martin then 
ciicks on the Convene button in the options area 98 to add Richard to the Venue which causes Richard's 
'5 image to jom Martin s image .n the Venue as shown at 192 m Figure 19. Richard is marked as absent at 
194 and a banner 196 .s displayed indicating that he has been invited Martin has selected both v.deo and 
data connections for himself m order to match what was selected (or Richard. This causes the v.deo and 
data outtons 186 and 187 to be highlighted in a first colour to show that they are currently .n use albeit only 
locally to Martin's own workstation. Richard's video and data med.a buttons 186a and 187a are highlighted 
20 .n a second colour to indicate that they have been requested out are not yet m use. 

While waamg for Richard to join the Venue. Martin is moving tne Design Notes and Design Principles 
objects 170 and 172 into the shared items area 180 of the Venue by :i.ck.ng on each object and draqgina it 
to the area 180. 

Moving now to Richard's workstation shown ,n F,g U re 20. the invitation to join the Venue has reached 
25 h.s machine and has caused a bell 200 to apoear at the bottom of h. s screen. The bell 200 is flashing and 
making a ringing sound to attract h.s attention Richard clicks on the bell 200 and the result is shown m 
Figure 21 An invitation message box 202 is brought up telling fl.chard that he has been inv.ted to a 
meeting and g.v.ng the name of the meeting and tne name of the person who convened the meeting. The 
invitation message box 202 comprises two options: Accept and Decline. Richard clicks on the Accept option 
jo to accept the invitation to join the meeting. 

Referring to Figure 22 accepting the .nv.tation causes a Venue client obiect automatically to be created 
and a w.ndow 204 to be opened for Richard. The choser med.a connections have been set up so that 
Ricnard can now see and hear Martin and the objects that Martin has placed into the shared items area 180 
are available to him. Figure 23 shows that Martin can see the same Venue having the same contents on h.s 
s workstation. Referring to Figure 24. during the meeting. Martin has opened a window 206 on the Design 
Notes whiteboard object. Martin informs Richard of this so that Richard can also view the whiteboard object 
and then both Martin and Richard can scribble on the whiteboard and view each others input. When their 
< meeting .s finished both Martin and Richard close and save the Venue. 

F.gure 25 shows the Venue object 163 saved m Richard's NewWave office. In Figure 26. Richard has 
io just opened his NewWave office and is view.ng the Venue 163 m a window 208. Martin .s not present 
(although he would be if. comcdently. he had h.s Venue open at the same time as Richard. In that situation, 
the relevant media connections would automatically be set up» Referring to Figure 27. Richard has selected 
the Meeting menu item using the cursor 210 so as to bring up the CoMedian directory 212 and he has 
selected Ed Dav.es .n the manner previously described. Ed Davies does not have video capability, instead 
5 he is selected by telephone. Clicking on the Select button w,n cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring !0 Figure 28. Richard is about to inmate a Convene operation by selecting the Action item 
from the menu bar 214 of the w.ndow 208. and selecting the Convene option from the corresponding menu 
216. S.nce Ed aoes not have video capabilities, the audio from h.s telephone would be mixed into the video 
o feed into Martin and Richard and their audio signals would be sent to Ed's telephone during their distributed 
meeting. 

Turning now to Figure 29. a new session is begmn.ng on Richard Jenning s workstation. A window 220 
contains Richard's NewWave Office. Richard has created an outgoing message represented by the .con 222 
cailed "Meeting Request" (using the "Create a New" option from the Action Menu - see Figures 14 to 1 7 of 
5 Aopendix A) In Figure 30. on open.ng the outgoing message 222 it .s displayed m a window 224. Richard 
has completed the distribution list 226 and written a cover note 228. 

Referring to Figure 3i. a new Venue-ci.ent object represented by the icon 230 is created tagain using 
the 'Create a New" option). The Venue-client obiect 230 is copied and dragged ,nto the window 224 
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to disconnect the media connections 'or tne Venue-diem ooiect wh, C h , s deactivating. The v e nue-«erv~ 
obiect sencs messages to all of .ts other Venue-cnem objects .nform.ng them of the deactivation of tr-» 
particular Venue-client obiect so that these other Venue-chert ooiects alter their appearance to .nacate mat 
tne relevant meeting member is now absent. 

Anotr.er way of setting up a distributed meeting , s lor a user to copy an existing Venue-ciient ob ( ect to 
!^e oesired meeting participants. A Venue-ciient obiect .s a reference to a Venue-server obiect Copy.ng a 
venue-c!.ent object to other workstations creates a reference to the relevant Venue-server obiect on those 
other workstations because ,n the copying process tne Venue-client ob,ecfs reference to -ts Venue-server 
ooject is preserved. 

There are different ways in which a Venue-ciient cb,ect can oe coo-ed to other workstations. One way . s 
nduae the Venue-ciient ob,ect .n an electron* mail message. For th.s option, an electrons mail 
message .s created m the normal manner e.g. using Hewlett-Packard's NewWave Mail and a Venue-client 
coiect is mcluded .n the message using a standard copy operation. When the or each addressee ro Cei ves 
the message, they place the Venue-client .n their collection of obiects m preparation for the forthcom.ng 
meeting. At the relevant time, the meeting participants open the.r Venue-client objects to commence the 
meeting. On opening the Venue-client oo,ects. their 32 bit machine IP address .s automatically updated and 
the Venue-client obiects send a Here Am I message to the associated Venue-server obiect 

Another cpoon .s for the user wishing to set up a distributed meeting to copy the relevant Venue-nient 
ooiect and to serialise the copy of the Venue-ciient cc,ect to a file on floppy disc (or other shared med.um 
such as a network drive). This tile may then be transported to the workstations of the .mended meeting 
oanicpants and deserialised thereby providing each of these part.cipants «ith a copy of the Venue-client 
cciect and tne-eby means for accessing the associated Venue-server objects in order to take part m the 
distributed meeting. 

A new Whiteboard-client object can also be created using the "Create A New" option .n NewWave 
Office. On opening the Whiteboard-client obiect a new Whiteboard server obiect needs to be seated The 
orocess is analogous to- that described with reference to Figure IS replacing references to Venue obiects 
with references to Whiteboard obiects. 

A new Whiteboard obiect can also be created inside a Venue by selecting the- "Create a New" option 
mside the Venue in this case, the Venue-client obiect automatically activates the new Whiteboard-client 
ooject m order to initiate creation of a new Wh.teboard server obiect (again using a process analogous to 
that shown m Figure 15). 

in the same manner as a Venue-client obiect can be copied and transmitted m an electronic mail 
message cr v.a floppy disc, a Whiteboard-client obiect can oe so utilised. Again the advantage of creating a 
reference to the relevant Whiteboard server object for the recipients of the copied Whiteooard-client objects 
is obtained smce each copy of the Wh.teboard-ciient object contains a reference to the Whiteooard server 
obiect (as described with reference to Figure 8>. 

Also as previously described, a Wh.teboard-cl.ent obiect can be moved into the shared items area of a 
. Venue obiect by a user causing copies of the Wh.teboard-client object to be made available to the other 

users of the Venue ob t ect thereby g.vmg access to the associated Whiteboard server obiect to these users ' 
jo An exemplary user session will now be described with reference to Figures 1 6 to 33 involving 
Hypothetical users Martin. Richi and Ed. 

Figure 16 shows a screen of a client workstation (Martin's) running Hewlett Packard NewWave Software 
A window 126 has: 

a title bar 128 carrying the title "NewWave Office'* 
js a menu bar 130 offering the following options: 
Action. Edit. Objects. View. Settings. Task and Help: 

a system menu box 132: 

size boxes 134 and 1 36: 

a vertical scroll bar 138 with scroll arrows 140 and 142 and a scroll box 144: 
so a horizontal scroll bar 146 with scroll arrows 148 and 150 and a scroll box IS2: 

The window 126 displays icons for some standard tools at the top: Waste Basket 154 Agent 156 
Printer 160. in Tray 162. Out Tray 164. File Drawer 166. The .cons 168. 170 and 172 respectively on the left 
nana side represent work -related items: 

"Project Meeting" a Venue-client obiect representing a reference to a Venue server obiect on the 
55 local server machine: 

"Design Notes" a Wh.teboard-cnent obiect presenting a reference to a Whiteboard server 

object on the local server machine: 
'Design Principles" a NewWave document obiect fully contained on the client workstation 
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APPENDIX A 



Srief Description of the Drawings 
Figure i is a block diagram of a computer in accordance 

with the preferred embodiment of the present invention. 

Figures 2 and 2A show block diagrams which illustrate 

the relationship between objects, applications and data 

files In accordance with the preferred embodiment of the 

present invention. 

Figure 3 shows a plurality of objects linked in 

accordance with a preferred embodiment of the present 

invention . 
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ngure 32 snows tnai the message new CO nta.ns a rr Cv L ,Z, , tar 232 ' abellefl " Ps " 3" m 
224 , s t ,en cosed (F ..g U re 33). To send the me-ao* 2 2 , an b ,T ' ^'^ m * SSaQe W,nCOw 
Th,s causes a copy o< the message, .nc.uo.ng ,£ t e !-^ I™ ^ ^ ^ ^ 234 

ceooie on the cstr.but.on l.st. The Out TVav -b^rVL C ° rtamS ,0 be sent t0 the 

= 3 n, 00 nen,s to enable these to be transmuted over n«^rn?* Ser,a " sauon °< ^ message 
,„ Tray oo.ee, represent by , CO n 236 oesen*.' e ^ " ^ feS ° eC:,Ve 0eS, '" a " 0ns - 
vewed and man.ou.ateo by ,h e reop,ent* The J-n c - , 9 <-orr.pcnen,s so that these can oe 
message and ,n,c the, ma.n NewWave 0f5.ee w.nac'J ,220, "Ir ZV'* 0& ' ec < ^ °< 

open tneir Ven u e-c:iem objects to beam » r.,«„. h , L „ a0DO,n,e ' 3 " m e. t"e th.ee part, c , Da nt s 

shared ob.ects e.g. a ^2 ^^?- ^ the uSers ™ open 

telephone and v.oeo .nterconr.ect.ons For exameie M T ' n,e ' ac:,vely as we " as '"teraenng througn ;n e ,r 

«*rr n r^r ™ ~ ~ s «. » . * * « 

strucurer object and tools to control the p^e.na n^.- „ ,6CtS "* 3 ' a * ° b,ect ' a 

cassette recorder controller " d SuCh a£ a v,rtual mon "°' manager and a v.deo 

messagmg infrastructure. workstations given a su.tabie mter-ebject 
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Figure 7] shews a block diagraa of the organization of 
KPOMr.CAT, a systea file included i r. the OMF shown in Figure 
72 . 

Figure 7 ^ shows the relation between a global parent 
and global objects in accordance with the preferred 
eabediaent of the present invention. 

Figure 75 is a block diagraa which shows how system 
files within the OMF shown ir. Figure 72 accesses data files 
a"r. d applications f r o a a trecory shown ir. Figure 1. 

Figure 7 6 is a block diagraa of the organization of the 
a e a o r y s h : v r. ir, Figure 75. 

Figure 77 and Figure 73 show objects and links in 
accordance with the preferred ez bed i ae n t of the present 
invention. 

Figure 79 is a block diagraa of the organization of 
HPOKF.XSF, a systec file included in the OHF shown in Figure 

72 . 

Figure 80 shows a view specification record in 
accordance with the preferred embodiment of the present 

invention . 

Figure Si shows the use of a snapshot in accordance 
with a preferred embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodiment of 
the present invention. 



55 
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Figure k 3S3WS a series of objects serving a, foli . r 
as Parents of objects containing data, in accordance with 
preferred e=-oci a -nt of the present invention. 

FiS«r, 5 illustrates the screen display which result 
fr08 linki -S of various objects in accordance with a 
preferred embcdire.nt of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen display shown in Figure 5. 



Figure 7 shews how thre 



objects taay be linked tocetf 



in accordance with a preferred embodiment of the present 
invention . 

Figure 3 and Figure 9 illustrate how an object may be 
copied in accordance with a preferred embodiment of the 
Present invention. 

Figure 10 and Figure 11 illustrate the copying 'of a 
public object in accordance to a preferred embodiment of t 
present invention. 

Figures 12 through Figure 71 show the appearance on a 
screen of a session in which a user manipulates objects in 
accordance with a preferred embodiment of the present 
invention. Also shown are bioek diagrams. of how objects 
appearing to the user are linked In accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 
Facility (OHF) in accordance with the preferred embodiment 
of the present invention. 
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13, G.v.r 100 ir.forcs the application, which object the 
application should access for data. That object is then 
conaide.-e; to be active. An object is inactive when the 
application the object is associate* with is no't being run 
by cooputer 18, or when the application the object is 
associated with ia being run, but is not being run with the 
data of that object. 

Active objects can communicate with each other using 
messages. For example if two instances of application 101 
are beir.g run by cosputtr 12, one with the data of object 
202 ani the other with the data of object 203, object 202 
and object 203 are fccth active. Therefore object 202 say 
send a message 211 tc object 20 3. Similarly, if computer 18 
is running application 101 with the data of object 202, and 
is running application 1C6 with the data of object 20', 
object 2C2 and object 207 are both active. Therefore, 
object 202 nay send a aessage 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

ft 

Each object has associated wlth^a set of data flies. 
For instance, object 210 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 



/ 
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Figure 83 s -cw S t:- s -i 2 : a 
3 .". 3 p 2 r. o t , i n accordance •-• t r. 
pre sen: invention. 



» - - w w.,en there 
a PreCerr-i earbodia-r.t of t >■ 



Description of the Preferred E., b odi 3 ent 
Figure 1 shows a ceaputar , 8 ha 

keyboard 19 and a aouse „ . . 

A portion of computer »ain 
»e«ory 17 is sncwn b „ 

-e nthin coasput-- 18 

Within cosputer aea0Py sain 

Sh0w '" an object j.anageie 

- ' ' J., an applicator ' o i 

• JR Q1 ' an application 1C2 

p. --awi w .. 1,3, ar. application 1 0 4 , ar , OBM _ 

ar. application ,q C 

and an application 105. 

Each of applications 10' tc 10s 

" 106 s-ore data using 

objects. For instance, in Figure 2 .an'*- »■ 

' ' a PPii cat ion 101 1 a 

Z m to s,v ' stored «••-« •- "j." .... 

0 3 f an ob lee * - -i 

J 20 aRd an ol ». 4 ect 20 5 . SiBHa-ly 

-oo lRf0P .. tl8 . indlcjtins wMch objectj ^ ^ " 

">»« .ppu..,i. b . , bJ . et . „ Kle , .„ JS30cljtea wits a 

•in.l. .ppuc.t... .... t0 6e ofjtet> ^ tft< ^ 

or .... el .„. ?or injtanc> _ ^ ^ ^ 

- *05 of th . .... cUs3 becauje ia 

,r lh . .... el .„ b . e , ui# ...„ t> ,„ oelittd -(th 

* ppue " to ° ,o6 - ,u •»-••«• - - »« ..... eR ; .... 
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childrer. ar.i one or ic.-e parents. An object is not 
allowed to cecoae its own descender. t. 

In Figure 3 is shown a r. object 301, an object 302, an 
object 303, an object 30U, an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with reference name "1", to object 302. Object 301 has a 
link 3^1, with reference race "2", to object 303. Object 
302 has a li.-.k 312, with reference nace "7", to object 30«. 
Object 302 has' a link 3'3, with reference name "3% to 
object 305. Object 303 has a link 31a, with reference name 
"1" , to object 306. Object 303 has a link 315, with 
reference nase " U - , to object 307. Object 30tt has a link 
316, with reference name "1", to object 308. Object 305 has 
a link 317, with reference name "7", to object 308. Object 
306 has a link 318, with reference nase "8", to object 309. 
Object 307 has a link 319, with reference name "9", to 
object 306. Object 307 has a link 320, with reference name 
"13", to object 309. Object 308 has a link 321, with 
reference name "1", to object 309- Object 308 has a link 
322, with reference name "3", to object 303. 

Object 301 ia a parent of 302 and 303. Object 303 is a 
child of object 30 1 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309 • Object 309 has for 
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in data files 22 i. 222 an < 22 , are , R , ^.^ ^ ^ 

interpreted by application 105. 

^ = h otject has associate- with it , Ust of 

P--cpe-t.es. Each property has a nan>e and a value which *ay 

b< a = CS£sed &y ""Wi t.e , aae . :„ addition, each cl3s 

of objects has associated wi-h it » „r 

wi.n it a list of properties that 

are =o==on to all objects of that class. For instance, in 
- Figure 2A, object 205 an, application 10, are shown. Objec 
205 has associate, with it a property 2 3 1, a property 2 3 2, 

a property 233. Application ici has associate, with it 
a property 1 3 l, a property i 32 and a property 1 33 . 

Property lists car. contain any nuober of properties. 
Each property value can be frc S :ero to 3,2752 bytes i, 
length. Properties are used to store descriptive 

info r cation about o b i # ~ •* « ^ , 

oojcs an. classes, auch as naaea, 

coaaenta and 30 on. 

Objects B ay have references to other objects. These 
references are called link,. L i aks are Sectional: one 
object is called the parent, the other the child. Each link 
has a reference name which l9 a number that 1 3 assigned by 
the parent object to identify eacn of It.. children. All of 
an object's children, it, children', children, and so on are 
collectively called that object's descendents. Similarly, 
an object's parent*, it, parent,' parent,, and so on , are 
collectively called that object's ancestors. In the 
Preferred embodiment of the present invention, an object 
which oay = e «ani pulat ed by a user, can have zero or more 
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«n:aip,s lines of text 511, lir.es cf text = '2, a graphics 
figure 51?, a graphics figure 5^ and spreadsheet data 515. 
As shcv- in Figure 6, text and formatting data is stored in 
an object SM, graphics data for graphics figure 513 is 
stored in an object 612, graphics data for graphics figure 
51^ is stored in an object 613 and spreadsheet data 515 is 
stored in object 6lU. links that are used to build coopound 
objects always have so = e Wind of data tmnsCer associated 
with the link and hence are called data links. In Figure 6 
is shown a data link 615, a data link 6 i 6 and a data link 
617. In document 510, data froo object 612, object 613 and 
object are cerely displayed, therefore data link 6 1 U ( 

data link 6*5 and data link 616 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window* 

In Figure 7, an object 70 1, which contains data for a 
first spreadsheet, is linked through data link 704 to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet- The first 
spreadsheet uses data from the second spreadsheet and froo 
the third spreadsheet. Since the first spreadsheet does 
more than xerely display data from the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links. 

0M.F 100 does the "bookkeeping" when objects are copied 
or mailed. When an object is copied, 0 M F 100 makes copies 
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- -s 3j.-?05. ODjer: 303 has for 
ancestors ccj-cts 30 1, t 02 --u » 5 

Act. 



- ejects can dy n „ lcally aake ^ 



other o 



jerts . When a ll; 



e links 



nk :o an oble^t <«**-i , 

Je " - 3 deleted, 0M 

checks if the o * < p ~ * k a . 

aRy 0th " If not, OMr , 

destroys the object by deletin 



' g dita of the 0&Je 

reC - 3i=irS — — —associate. with th . 

object . 

Cb ; e:t 



links m a v be u ^ ° w *■ n ~ 

* va. icus purposes . For 

crie - or = of objects. The 

children of ct'ects use- a* 

use. as fevers nay be objects 

containing data for U9 # 

V3ri0LS ^Plications, or the 

-other folders. 

° f " ° ije;tS " - object ,0, (also 

Called '/■:■<». is r, i ■ 

' C ' Uw2 (3i3 ° called folder kQ 2) 
an object u; 3 (also called 

ro..er -03) and an object UQH 

(also called r n-i*~ iiniK 

- ...«. r «o«, , re usea aJ f01(f>rii 

contains an o £ 1 e e t an; 

•J.. t »0 5 , uae3 t0 to „ tl ,„ 4i:i| ,„ Q6Ject ao6 _ 

"« fi-.r Folaep , C! containa ^ ^ 

contains an object tlOO ....4 ► 

"09, used to contain data, and an object 

"°' USeC t0 Folder uco contains a k 

conwaina an object 

11 1 1 i used to contain h^, 

contain data, an object "12, used t0 contaln 

O.t. and an object « , 3 , used to contain data. 

A -re sophisticated use of llBk , la t0 constpuct 

coapoand objects, for instance in Figure 5 a „ 

ngure 5, a document 5 l c 



EP 0 497 022 Al 



162 t.-.rc-j S fi a r.ew l i n •< : 6 Ja . O^jec: 16U is a copy of 
object »5i. Link 1 £ 3a is a copy C f link 163. 

In Figure 12 through Figure 7:, it is shown how objects 
are displayed to a user or. ocniior U. i n Figure 12 a 
"NewWave Office- desktop is shown to include Icons labelled 
as Tile Drawer", "Waste Basket-, "Diagnostic", "Printers", 
"Star- and "My Folder". A user (not shown) has manipulated 
a cursor 73 1 , using keyboard 19 or mouse 20, to select "My 
F c 1 d e r " . 

Figure I] shews how the objects displayed on eonitcr 1 ^ 
are linked. NewWave Office (shew- as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
lir.k 7?i, cf "Waste Basket" (shewn as an object 702) through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713, of "Printers" (shown as an object 70U) through a 
link 71U, of n My FolderB (sncwn a3 an QbJect ?05) tnrough a 

link 715 and of "Star" (shown as an object 706) through a 
link 716. 

In Figure 1U, the user, using cursor 78l, has selected 

"Create a New...- in a pull down ttenu 782> A3 a result Qf 

this selection a dialog box 779 appears as shown in Figure 
15. Using cursor 781, the user has highlighted the icon 
"Layout" and using keyboard 19 has typed in the name "Paste 
Up" as a name for a new object to be created. Cursor 78 1 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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oJ* iata files associated with the esi-cc r *■ * h . k, 

" j - ^- u • i; the object 

>e:n S c: ? ;ec h as chi-ren, 0-? 100 also Bakes copies^.' th 
object's .esce.dents, an, builds links between the new 
^Je = : a to give the r.ew cocpcund object the sa = e a tr«et«r. 
a 3 -Te c-iginal. 

For instance. Figure 8 shows object 303 r-« r- 

u^je wt jua, from Figure 3 

and the dependents of object 303. w-en OMF 

en OMf makes a copy o 

object 309, OMF copies each of object las-, * 

o^je.t 3oo's deacendenta and 

link, ,..<,,•:.. in Fisure r , jijre , ^ ^ ^ 

"•' 5t 398 • ;o3a *• • «>r «f .»..„ 303. 0SJ . ee 

!C£.- c Cj e= t 3 0Ta l, a copy 0 f 307 . 03ject 

3C '* " ' =CP; ' ° f 05J " : "*> i, a c,„ or iIn , 

3»>. L:„v 32 „ !. . „„ , r Utk 3JJ . Jiu ^ a 

3 15a a copy of link 315. Link 3 l8a is 

a copy of link 313. 1 ' ik 1iQ a < . , 

3 1?a 13 a copy of link 319. Link 

32Ca ia a copy of link 220. 

In the preferred ecbodiaent, the default behavior 
reaulta in the copy of a parent', children when the parent 
1. copied. However, when a child is deaignated , s -public- 
it i- not co ? ied. Rather, a copy of the parent includes a 
link to the child. For i.natance, in Figure ,0, a parent 
object 151 ia to be copied. Parent object 161 ia llnked to 
a child object 162 through a link ,63. Child object 162 ia 
• Public object. A3 ahown in Figure 11, co?ying of papent 
object 16, result, in new object I6i« being linked to object 
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I- Figure 23, using c.rsor Ici, "Paste Up" (object 7C5) 
is show.-. Being dragged to winijw 75 5. In Figure 2i, the 
process is complete and "Paste Up" (object 703) is new i- 
window "My Folder". : a Figure 25, "Paste Up", shown as 
object 703, is now a child of "My Folder" through link 728. 

The user sets up multiple links by using the Share 
command. This command is an extension of the clipboard 
metaphor censor, in software packages today for coving ar.d 
copying data around the system. The clipboard is a special 
buffer that the system uses to hold data that is in transit. 

Ir. cne way, the Share coaiand operates similarly to the 
Cut or Copy coeaand described above. That is, using Share, 
Cut, or Copy, the user selects seme data first and then 
gives the Share command, which results in something being 
put or. the clipboard. In the case of the Share command, 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this lir.k is pasted, a permanent 
connection is made between the original data and the 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707) being in inverse video. 
Using cursor 78 i , "Share" from menu 783 is selected. In 
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Ir. Figure '7, "Fast- L'p" •• * , r ^n , 

r - - «r, as an object 707 

linked as a = niif , , NewVav . 5ffJ 

through a 1 i nic 7,7. 
T,e basic clipboard operation, are Cut, Co Py , a ,d 
?aste. rne user «. JSt 2elect ^ 

* 3 to be Dovej or 

.„ ,.,.„„.. ei „ er the cut „„„„ or tst co?? 

:ir.«l t fr..l t . Co „ ..„.,, 

of the s e 1 e c * e J da k a * » * w 

--<--e, ca.a on the c ia board tk~ 

-pooarc . The user oust then 

the ccr.tents o * ► e r 1 ■■ n s ^ ^ - . 

-• cupboard to the elected location. 

er is shownt 

UP". The selection is 



In Figure 13 a user is shown to have selected "Paste 



represented by the icon for "Paste 
UP " " inS diSPU/ " U — — With cursor 73,, 

US6r SelSCtS " CCP ^ • Pull down aenu 783 . I p 

F1?Ure ' Cli?b — "0 is shown to be a parent o, 

» o bJ .« 70S thr 0US h a llnk 721 . 0bject ^ ^ ^ ^ ^ 

object 707 ( "Paste Up" ) . 

fr.« puu aou „ ae . x783 . Th . m>uUi snovn ^ ^ ^ 

t». .«iti.„ or „ obJ . ce 70! , polntea tQ 6y cursop 78)i 

-«« l. a cop, or th, origin,! . P „ t , „ p . o6J . ct ^ 
I" «!«.-. „. neu 011J . et ls jhoun ja 

" ' chIld ° r »•"»• «««. through , llak Tia . 

eliekln, th. ,coh for - Hy roSd . r . u3i , g cupsor ^ ^ 
" ' " in "» r.pr.,.n-.l„j Fold.r-. 
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spreadsheet celt cause a graph to be re-drawn, and updat 
as a figure in a do = -j = -nt. And since an cbject can have 
cany parents, a single object can be used as ".boiler plate 
for any number of other objects. A change in the boiler 
Plate will te reflected in all the objects which have link 
to it. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, window "85 for "My Folder" has been 
closed. In Figure 3\ cursor 7 S l is U3 ed to select "Creat 
a Sew..." froc pull cow.-, c-r.u 752. As a result of this 
selection dialcg box 7?9 appears as shewn In Figure 32. 
Using cursor 73l, the icon HPText has been highlighted and 
usir.g keyboard io the mat "Saeiple Text" has been typed in 
as the r.ase for a new object to be created. Cursor 78 1 now 
points t: a region labelled " C K " . Once this region is 
selected, a new object titled "Sacple Text" is created, as 
is shown in Figure 33. 

In Figure 3*, "Sample Text" (object 709) is shown to b< 
a child of NewWave Office through a link 719. In Figure 3 M 
since "My Folder" has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 73 1 on the icon "Sample 
Text" and double clicking a button on mouse 20 results in 
"Sample Text" being opened. In Figure 36, an open window 
789 for "Sample Text" is shown. 
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Figure ^ Clipboard cfcj.-t 7 20 3 w~ w - to _ 

U *3 3...W.. to be a parent cf 

" ?33tS * Jp " ° bje " '* 7 through a Ho, 722 . 

In ?i«.:r, 27, w.nlcw 7?5 ha9 activated _ a 

oer.u 7 5 7, "Paste" is se'-tec T ». 

The result, shown in F'gure 

" " ,ou •»•"»•• " re,. ,„ t ..*.. 

that "Paste Up" (ob^^ 7n71 . 

P lot..,. 707) is shared by window 735 and the 

NewWave Office Wn* cw ,„ _. 

In Figure 26 A , as a result of the 

P^te, "Paste Up- is n = w s w- t0 bp hn . h 

w.. to be both a child of 

Clipfc*..-- through Jink 722 an, a child of "My Folder- 

705 through 3 * • -1 w T * ■ 

--•^ Ir. Figure 29, showing Jus: t , e 

interconnection of ob<e-t-s v,«.-m 

' - S Vls >tle to the user, "Paste Up" 

(object 7C7) i S shown t~ . . V1 . , 

-e a child of -«y Folder- 705 

through link 72-. - -o a ... „ _ „ , w . 

. as . e rjpB (objfi=t 70?) . 3 share(j> 

not copied, -Paste Up- (obi... 70 ,, re „ a . 

J 7vy,) regains a child of 

NewWave Office through link 717. 

One kty reature of data links is autooated data 
transfer. When a child object is o P en and the user changes 
* Part of it which is » 3ha red out-, then It .akes a can to 
OMF 100. OMf 100 checks if any of the objects parents 
"care- about this particular change. If they care and lf 
are also o ? en, OMF 100 sends to the parents a .essage 
infor.ing the. that new data is available. The parent can 
BSSSa88S t0 to produce or displav the 

d3ta ' ffiatUre all0WS ^ —r to establish co 8? ound 

objects with complex data 

P14X aata dependencies, and then have 

ranges oade to any , U b- P art be a , to.a t i ca 1 l y reflected in 
other parts. For exa B ple, changing a number in a 
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-he result is the cp.r.inj and Cisplay of "Star- (object 7C6 
in a wiriow 796. Figure U 



select selection "Ellipse" in a mer.u window 7 9 7 wh; 



t/b shows the use of cursor 7 5 1 to 

ch 

results in the data within "Star" (object 706) being changed 
fro. a star to an ellipse. As shewn in Figure 51, the 
result is a change both in data displayed in window 796 and 
data displayed in region 795 of window 791. 

Ir, Figure 52, cursor 73 1 is used to define a region 797 
in wm-cw 79- Ir. Figure 53, cursor 78< is used to select a 
selection "Create a New..." in pull dcwr neRU ?93> Aj a 
result of this, selection dialog box 799 appears in Figure. 
5M.- Dialog box 79 9 contains icer.s for the two classes of 
objects available which are able to displaydata in region 
797 of window 791. Using cursor 73', the icon "KP Shape- 
has been highlighted. Using Keyboard 19 the naae "New 
Shape" has been typed in as the naae for a new object to be 
created. Cursor 73 1 now points to a regions labelled "OK". 
Once this region is selected, a new object titled -New 
Shape- is created. Data for -Mew Shape- is displayed in 
region 797 of window 791 as is shown in Figure 55. In 
Figure 56, -Sew Shape-, (object 750) is shown to be a child 
of -Paste Up- (object 707) through a link 760. 

In Figure 57 a window 800 for -New Shape- was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice or. a button on mouse 20. Ir. Figure 58, 
cursor 781 l3 used to select the selection -Triangle" from a 
pull down menu 801. The result, as shown in Figure 59, is 
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• -i Figure ^ ? a w w 75 i <- - „ „ 9 

w 91 .or 'Paste Up- (object 70?; 

•las teen cper.ed by double cli-k'u ■ 

,,1g -■• tP ' e icon for "Paste 

yp"'- I" Figure 33, using Cursor 7Si, co , trolled hv 

i -u.iiroiiej by mouse 

20, a portion 790 cf the t-x' or 

t-x. o. Saopie Text" has been 

selected. ' rw i e ~ 0 r * ; « - .■ _ 

•••« ,or fc .o.. .n inverse video stating - Mew Vave 

Offire environient" is portion 790. 

I" Figure 39, cursor 73 1 is usecl to 3elect ^ 

selection M 5h;^'» ; - , „ m1 1 . 

-• - i.. * .ull dowr. menu 792. m Figure «0, 

an area 7 9 3 in window 791 is 

' *s selected using cursor 78 i . in 

Figure 1 1 , a se'^tiar "9a«»-.. • 

" fro* , p aU aoun 

= ! " J " a u,l! " «"••' 'U... . S .„u T . It . ls 

UBk " " " ? " : ' <"'"' «« «.P.. fM «.„ 7,0 !, 

displayed in "Paste Op- window 701 t - P . 

3 In f igure U3 "Saopie 

Tex:" (ob i»-t 7 ^ 3 ^ ••- _•_ 

«>J-t 7.9, _s ,r. 3 wn to be a child of "Paste Up" 

(object 70?; through a link 729. In Fisu-e U2 , 

in rigu.e u ^ , displayed 

" 0 i! in Sri " »•«■"• ...... 789 i,'. p .„ 

790 is clearly displayed. 

In Figure 45, a region 795 of window 791 i, selected 
u-ln. cursor 78,. Figure „ 3nQW3 cur3or ^ ^ 

icon "Star" into region 795 of window 79 k 

In Figure u 7 , data from -Star" (object 706) is now 
displayed in region 795 of window 79>. As oay be 3e en In 

Figure 43, "Star" (oblect 70S) «. „ 

J Ct 705) 13 now a child of "Paste Up- 

(object 707) through a link 726. 

In Figure 4 3 , a user has placed cursor 781 over region 
795 of window 791 and double clicked a button on aouse 20. 
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«. «... i 4 ., t in.. llen nu . s „ glve „ ta QMF , oo 

child 709. 

" °' 753 '» '„ i. ..l.«t.d 

— ...X.. Sl . B 

PT... .»J.„ „T (.,.„. „,., r „ u , sta 0Kp f ^ t u ^ 

-l. t*, p. P . nt of „ cHpboird ?2o _ ^ 

»» ». r or un- r„ ..,...„ Pirent 707 .„ chlw 

I" 'l.ur. .3 -S..P1. T .«. <o 6J .ct 70„ l3 3houn t0 b , , 
•Wld Of "Past, up- (obJ . ee 707) throu8h 729 _ 

"Paste Up- window ?ci Tw a 

H tnis, parent object 

«>.... to c„r „...«„, „„....„,. ^ to 

»t. into , l0 =, l0I lp . elfl „ pipent o6je££ 

<«. l<.»tl,l..tl el , „ u ., er rro . „, vlev . p .. lflMttsB 

»■ ». .P..l«.« lo c. tl o n . lB 

«h„ =„. , re . ,„. Th , MM of the B fJ sent ^ 

P.r.n. 70T to 0HF ,00 to 0Wld 70, 1 3 .„,„,.„ 
f-r«.r 1. a orl 6ea ln <ppenaiI „ _ 

■ Prl«.r r...h.r t».„ dl.p-.y d . e . ,„ . ter „ ln>1 
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:5 



30 



15 



-0 



50 



55 



In idSitioa, Parent 707 say S tnd a »CET_SIZE" Be33 age 
to child object 709. in a -CET.SI2E- aessage, parent object 
707 identifies a reference na:e for lir.< 729 a nd . l „ d i c a t e 3 
coordinate, for a di 3 play. OMF 100 takes the' C ET_SIZE 

BeS " 88 fr °° Pa?ent 707 ' »"» th. data Identification nu»ber 
from the view specification record for link 729, and 
delivers the aessage to child 709. Child 709 returns to 
parent 707 the size of the portion of the specified area 
that child 709 would use to display the data. This allows 
parent 707 to »odify the region reserved for displaying data 
fro* child 709 when child 709 is not able to scale the data 
to fit in the region specified by parent 707. 

When^data fro. a child object is being displayed by a 
parent object, and the child object changes the displayed 
data, the child objects notifies OHF 100 that there has been 
a change in the data object. For ex aB ple, as described 
above, in Figure U7, data froo "Star- (object 706) now 
displayed in region 795 of window 79L And, as may be seen 
in Figure U8, -Star- (object 706) is a child of -Paste Up- 
(object 707) through a link 726. : Since data is being pa33e d 
fro« child object 706 to parent object 707, link 726 is a 
data link which includes a view specification. 

In Figure 4 9 , the method for changing data in child 
object 706 is shown. a user places cursor 781 over region 
795 of window 791 and double clicks a button on Bouse 20. 
The result is the opening and display of -Star- (object 706) 
in a window 796. Using cursor 78' to select selection 
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•7-. Sine, o6 . ect 67 , „ . r „ l<tri ^ ^ 

''"■" r °" "* thr " 61ts !«. 73« „.„,, „. 

" 0 CO" . 

I« "fur. 78, object 676 l3 . docu „„ t iM a 

"»> 67, ana , p , pent Qf ,„ objece ^ ^ ^ 

0^.« 677 haa . tI , of .... aj t ptf!MnM ^ 

O.J.,t 678 ha, . t . f or Unk a 

reference name "3". 

1° 79. an ,„ try 737 a „ crl6aj ^ t 

f:, " r! T "" '» 73 1 of entr, 737 there ls th 

parent t a a » i t » T , 

"8 ■ In 732 then. 1, the chll<s tlf „,. 

1- «lu. B 733 there the reference „„. 
676 l, a «„„..„, a „ a assu „ lns ^ ^ a ajaociated 
with Un* 67,, th . lhr .. Mts „ itMn auSeoUBn e ^ tB 

the three bits "MO* -,-> a 

'10 and entry 739 i, a view specification 

reco rt . 

Sl.ll.rly. .„ .„ try 73 , a „ crlbea Unk 3ii = un ^ 

'».«r. 78. Th . t „, ,„ colucn TJ) of ertpy n9 tBerj ^ ^ 

p««" ta 8 -u-. coluan 732 tatpt ls th> chiu _ 2i> 

«< 1" «l„« 733 there 1, th. rsrerenc , .... ^^^^ 

""" " ' Vl *" »'«l".d with ll„ k 6 8o..th, three blt , 
within .„.e.lu.» 73. contain the tl|p „ blt , . 1|0 . and tncrf 

7«0 1, a vi, w specification recorc. 

in n sur , 80. new ,p,clflc,tlon r.crc T , 0 la e<) 
!-•:««. » ruu 7., -men contain, a Ota Identification for 
a fl.lc 7.a ,Mc, Incicate, whether there i, , 
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mlac.llan.ouj lnforoatlon itou: r a , »..„ . . 

• ,IB » . e w . data 

' < " !i " :,!1,e """" " *r t*. c«!ii object or th. 
11,11 " """■"'••« 1= a.nt tf , 51(S t „, u „„. 

fl.ur., 37 . U3 a.c tn, .„.„,„,,..„ „ f , u „ k „ ltn 
• 'tew. „ ».„ b , fort> risur< 3? 

791 for , p . (obJ „ t „ 7 , „ a3 op<nea ^ 

clicking on th. icon for P „t. „ p .. In tl!up , J(> 

C " r " r ^ ««» =0, portion 790 of th. t.,t 

of •».„!. :,„• „.. „..„ ,.„„.„. The po . tlon ln inverj> 

video stating "New Wave Office eiv< ronm. „► « « 

environment" is portion 790. 

:n Figure 39, cursor 7Si Is used to select the 
selection "Share" in a pull down menu 792. Once "Share" is 
selected, child object 709 ("Sample Text") creates a data 
identification number which identifies portion 790 of the 
text to child object 7C 9 . Child object 709 also causes OMF 
100 to put a i lRk t0 cniid obJect 70g Qn cllp6oard ?20 _ 

Child object 709 communicates to 0MF 100 through command set 
forth i, Appendix E , attached hereto-. Child object 709 
alac informs OMF 100 what data identification number is 
associated with the new link between the child 709 and 
clipboard 720. If tnere ls . 3napahot as;>oclated ^ ^ 
link, child 709 win also inform OMF 100 if there is a 
snapshot associated with the link. Snapshots are discussed 
-re fully below. As . P ., ult QHF 10Q ^ ^ ^ ^ ^ 

H? OMF . X R F 60] for a link between clipboard 720 and child 
object 709. The view specification record for the link win 
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VS^TEXTDISfCLOC 



^INITIALIZED 



20 



35 



V S_RESEKVED 



JO 



25 



VS^VIEWCLASS 



*0 



all 



File position in H?Or*r pbp 

r:!f e * ^•'"» 32 character 
:;*tu.l data ID 1, located 

c f^-*ina zero if no 
textual data ID has been 
defined by the child. The 

m.W five blts 0f 

file position are always 
"re a „d are thus not 

hexadecimal number OFFF 

f;J.° 13 » »»ak which 

indicates which bits are 
U3ed for this bit field. 

Set If the view 
specification has been 

information in the view 
specification is. zero, 
hexadecimal number 0000 
°0'0 i3 a Ba3k whlch 

indicates which bits are 
u *ed for this bit field. 

Reserved for future 
expansion. The hexadecimal 
number 0000 0008 is a aasJ" 
which indicates which bits 
are used for this bit 
field. 

Specifies the view class 
the child assigned to the 
view. The view class 
defines what view methods 
are available to the 
parent. The hexadecimal 
number 0000 0007 is a mask 
which indicates which bits 
are used for this bit 
field . 



60 
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675 .as a reference naze "7". Reference naze, are pic^ by 
the Parent object ar.d need to be unlqu . for the particular 
Parent object; however, other parent, oay have a n„ k with 
the 3a0 e reference naae provided each reference na.e is 
unique for each parent. 

Figure 79 shows a block dlagra. of HPOMF.XRF 60 3 . 
OMF . X R F contain, an entry for each li nk betHeen pap „ t- 
and children. I„ HPOMF.XPF 603 ooluan 73 1 contaln 3 the tag 
of tr/e parent for each link, coluan 7 32 contain, the tag of 
the child for each u„ k . Colu a „ 7 3 3 contain, the reference 
— e for each u„ k . The flrst thfee blt ^ 
123, ahown m Fi Sure 79 a 3 sub-colu 3n ?3Uf lndicate 

lew specification file record l 3 present (-n 0 -> whether 
ew specification file record follow, (»000») or whether 
th. li„ k 1 3 between 1 3 a llBk froB th . global parent ^ ^ 
global object ( " 1 00" ) . 

As may be 3 een f entry 735 1 3 an entry which de 3 cribe 3 
link 67U shown la Figure 77. That is, in column „ , of 
entry 735 there is the parent tag "6". lB coluBn 732 thfp# 
13 the child tag and ln celuffln 733 thfire ia 

reference na.e Slnce object 671 is a folder, there is 

-lew, therefore the three bits within subcoiuan 73* would 



a v 

no v 



no 

be "000" 



Sl.U.r!,, ,„tr y 736 1, ,„ „ tr) , „ hte „ 4 , Jcrl6 „ Unk 
«75 1S ... in Ft8ur « 77 . That ls _ lB coUBn tj) ^ ^ 

tUI< "» " ,5 " "'—« '33 t, „. r.f.r.nc, „... 



/ 
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records cannot be identified by the content within a view 
specification file record. HPOMF.XRF is increased in size 
16K bytes at a tlae. A newly allocated portion- of HPOMF.XRF 
is filled with zeros. File records within HPOMF.XRF which 
are free or which define a link have the following fields 
listed In Table 5: 

Table 5 

ParentTag Contains the tag ( HPOMF .CAT 

record number) of the parent 
object of this link. if this 
field Is 0, then this record 
does not define a link and is 
f re e . 

ChildT ».« Contains the tag of the child 

object of this link. If 
ParentTag in this record Is 0, 
and this field Is also 0, then 
no record beyond this record in 
HPOMF. XFF defines a link. 

RerNa,3e Contains the reference name that 

the parent has assigned to the 
link. This field is aeaningless 
If ParentTag or ChildTag Is 
zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification. 

File records within HPOMF.XRF which are view 
specification file records have the following fields listed 
in Table 5A: 
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Table 5A 



Da » a Id 



Snapshot 



Contains the value that the 
ch..d has assigned to identify 
the part of itself that i 3 b «f n 
viewed through the Unit. 

Contains the tag ( HPOMF .CAT 

r If°r d . nuaber) °f the object 
-Jleh is the views snapshot, o 
if «ro, the view has no 
snapshot. For further 
discussion of snapshots, see 



Mlsc 



Composed of several 
described below: 



bit fields 



VS_NE WD A T AS ET 



VS_N£ WDATAANNOUNCEO 



VS_SNAPSH0T0LD 



VS_WANTMESSACES 



Set if child has told OH* 
that new data i, available 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
indicates which bits are 
used for this bit field. 

Set if child has told 0MF 
to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number U000 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 
that the view's snapshot is 
out-of-date. The 
hexadecimal number 2000 

oooo is a Bask whleh 

indicates which bits are 
used for this bit field. 

Set if child has told OH* 
that it wants to process* 
view messages when snapsho- 
ts out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
used for this bit field. 
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Table H 

IFirst.-reeEntry r s " - i " < r ► k • 

5 , if tn - 3 record defines 
an installed class, otherwise 
this record is free and this 
rield is the record nuober of 
the next free record, or "0" if 
there are no more free records. 
If the record is free, none of 
the other fields in the record 
i 3 aeani ngf ul . 

Module" ileName SDeeifi*, m,. 

opeciri.es the naoe of the 

application associated with 
objects of this class as a null- 
terminated string. 

PrOP6rtieS Specifies the number of 

properties, the length of the 
property names and the location 
in HPOMF.PRP of the object's 

P r 0 ^ tieS - See the ^'crlption 
of HPOMF.PRP below for further 
definition of the structure of 
this field. 

In ^gure 75, the relationship of HPOMF.CAT and 
HPOKF.CLS is shown. Within each object entry within 
HPOMF.CAT, the record number, which is an object's tag, 
"rves as an identifier 650 of data files in a mass storage 
memory 170 associated with the object. The field 
"Typemciass" serves as an identifier 6*1 of the class entry 
in HPOHF.CLS, which identifies the class of each object. 
Within each class entry in HPOMF.CLS, the.field 
"ModuleFileName- serves as an identifier 652 of the 
application file in mass storage memory 170 which is 
associated with the class. 

In Figure 76, the organization of a portion of mass 
borage memory l 7 0 is shown. A root directory 660 contains 
P0ir.fr, to an HPNWDATA directory 661 and HPNWPRCC directory 
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66o. H?SW?R0C directory 665 is the location of storage for 
applications files, represented by arrows 6 69 . HP.WDATA 
contains a plurality of HPCKFddd directories, represented by 
directories 662, 66 3 , 66U, 66 5 and 666. m the HPOHFddd 
directories are stored data files associated with objects. 
The "ddd" in HPOKFddd stands for a three digit, leading 
zeros, hexadecimal number. Each HPOMFddd directory has a 
different »ddd» hexadeciaal number. The -ddd- number 
indicates which HPOMFddd directory stores data files for a 
particular object. Data files for a particular object are 
stored in the HPOKFddd directory which has a "ddd" number 
equal to the tag for the object divided by an integer 
number, e.g., fifty four. Within each HPOMFddd directory, 
files are stored by tag nu 3 bers, e.g. data file names have 
the for = at xxxx xx xx . 1 1 1 , where "xxxxxxxx" is an eight digit 
leading zeros hexadecimal tag, and -111- aPe a reference 
chosen by the application. 

System file 603, HPOMF.XBF i, also referred to as 
SYSXREF. This file is a list of all the links existing in 
the system. It Is record oriented, but does not have a 
header record. Each record file is either free, or define, 
an existing link, or is used as an overflow record from the 
previous record to specify additional view specification 
information. Records that contain view specifications are 
called view specification file records. View specification 
file records can be identified or.iy by a previous record 
which defines an existing data link; view specification file 



/ 

/ 
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7a!:: e 



3 t ? r e e Z n t r v 



TypelnCiass 



SysCat Flags 



properties 



fast pro pa 



Is !" if this record defines 
an object, otherwise this reco 
ia free and this field is the 
record number of the next free 
record , or "0'* if there are no 
core free records* If the 
record is free, none of the 
other fields in the record is 
meaningful . 

Specifies the class of this 
object. This is the nunfcer of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 



Speci fies 
global if 



if the object is 
the bit masked by the 
r.urtber 20 (hexadecimal) is set 
in this byte. In the preferred 
embodiment all other bit 
positions cjst contain "0" and 
are not used. 

Specifies the number of 
properties, the length of the 
property rases and the location 
in HPOKF.PRP of the object's 
properties. See the description 
of HPOMF.PRP below for further 
definition of the structure of 
this field. 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in # the properties 
file. Properties stored in this 
field are called "fast 
properties." 



System file 602, HPOKF.CIS is also referred to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The first 
record, numbered 0, is a header which contains various 



/ 

/ 
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signatures (see above) ani is use. to oar. age a list of fre 
records. All ether records eitr.er iefir.e an installed cla 
or are free. In the preferred eibodiient KPOMF.CLS can gr 
dynamically, but cannot shrink. 

Each file record in HPOMF.CLS is thirty-two bytes in 
length. HPOMF.CLS file record 0 (the header) contains the 
following fields listed in Table 3: 

Table 3 

lFi rst" reeEr.try Contains the record number of 

the first free record in 
HPOMF.CLS, or "0" if there are 
nc free reco rds . 

Fileld Contains the null terminated 

string "HPOMF.CLS" 

Version Contains the file format versio 

nua be r . 

IMaxPeco rdNuc be r Contains the number of the 

highest record ever allocated 
froo within HPOMF.CLS (this 
highest record may or may not b 
free) . 



Table tt f below, contains the fields for file records i 
HPOMF.CLS for file records other than file record 0: 



/ 
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each 
a 
a 
a 



>!r,! " 3 iati tas = vriou, :,r„ r , iti5 , 

f.y = -ovn, i„ fori , tlar . 2;u . otJect proper!le3 suca aj 

«-.« ci ass ...„ ls yfla; is tM njs> of 

= i»> or ooj.ot,, „, it ic „ repr „, a6j 06 , ectj of 
P.rtleul..- ..... lne li3ts 8f „„ Jt iej3asej (juch aj ^ 

P.rtleul.r ...... Syst „ ,.,„ 6 „. 60r ^ 

Infor = .t-,„ links .,..„„, parert ind esti4 o6 _ e = tj 

l«Xud lBt a H.t or ,.,.„,. lnd n „ ej of tacs 

f« a P«r.n« ror ... h „>,«., . Ujt of ^ 
r.f.r.ne. or ..«„ llBlt ... . ohtld for eac „ o6ject , 

.«.«•-!«., inf.,..,,.,, ee .,„,,, e , ti „ chinse ^ ajta 
U.K.. .„ s .. fll „ 60 ,. S07 contjin senerji 

lr.rorz.tior. ,„.„ „ w „ at , lleJ are laJt4llea l(> ^ 

•bj..t. „.„. r.,„..,. < . ut0 .. tl , r „ llrt „„,„ th# 



ar.d 



restarted . 



in th. pr.r,rr« .. t . llI!n: of t „« p( .„, Bt inv , nUon 

H ? o«r.,pr. „„.. fll . 60U t , pef . rrea (o ^ 
.»t.. ni. 605 i. r .r« rre4 t0 HP0HF . I1(S> systta ftu m 

1. rer.rr,, t0 „ HPOMF.SDF lfIte . file 607 re , errea 
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that a triangle Is r.sw display- b-rn ■ 

? '•■ b - ch - ;1 wm-iow fioc and i r. 

region 79 7 of window "» 9 ; . 

10 ?iSUre 6 °' " lB * 8 " 300 ^e, close,. In FlfJ .._, 

Figure 52, cursor 78 1 is used to a ., er . , 

select selection "Share 

fr3a pul1 «««n eenu 79*. t n F , lu _. 

Figure 63, cursor 78 1 is used 

eSLO " Of Window 79: Tn P< w 

• In Figure 6k, cursor 

'Si is use- to select selection "Past-- <■ 

Paste free Pull down Qenu 

7 * a - The result, as shewn in F'su-e < 

* gJ ' e f5 » 13 the sharing of 

"New s >• a - " u* • * ^ m ~ - 

a-.a,.- w ..n data free "New Shape" bMn, 

*pe crmg di splayed in 

.e*.on cQ2 of window ?Qi T ^ r< 

■ * 1 • la Figure 66, 
■».w S„„. (s6J .« 750) is jscun ^ ^ ajditionai ^ 

7". fr„ it, Parer , .„,., 3p . (9(jtet 7o7 ^ 

Z. «.„. ST, r. t: .„ 7,7 ... .... U3ing cursQr 

.»» ..r. u 7,.. T,e rMultl as ...„ in J(> ^ 

»« ".ton.,., ... ,..„ re „ ov , d fro „ 7?i _ ^ ^ 

«». cur,.r 7 „ ls u3 « d to ..^^ ^ ^ ^ 

»ai. ,„ rejult , 3hown ln Fl5UPe 70> ls 4ni _ 
r=r .„.„,,..,.., potntes lo 6ycupjor ^ ^ r ^ ^ 

"New Shape (object ?cni . w 

».WW.« Off I.. (obJ#ee , 00) , throu| , t ?8o _ 

I" «.»,. 7,, OMF ,00 ls SB5W „ t . contJln j>ven ayate> 

files: systen file 601 , systen file 60? 

. yatea :a« 602 , system file 603, 

systea file SOU, system 'ii. 

. systea .He 60,, 3ystea fUt 6og 

file 607. OMF interface 599 serves aa < „ „ . 

* serves as interface of OMF to 
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6lCbal 0ij9Ct ' 15 8 or glotal object. A :, houg , 

?UUre ?U Sh5VS Cnl ' / six Ejects, the number of 

global object, operating on a 3y3 : ea ; S , catter of systeE 
configuration. Any object in th. S ystem can refer to a 

global object by V-ing the reference name of the lin, to 

that global object from the global parent. 

A3 may be seen frea Figure 7 3 , file records in 

HPOMF.CAT are numbered c on s e <*u t v# w t* 

^nse.uc.veiy. These numbers serve 

•as tags, which identify each object. 

In «. Present invention, 

each record i s , 28 bytes i ., length. rne fields for file 
record 0 are listed in Table 1 below: 



"able 1 



lFirstFreeEntry Contains the record number of 

the first free record in 
HPOK-.CAT, or "0" if there are 
no free reco rds . 



' i * Si(j Contains the null terminated 

string " h'POMF .CAT". This serves 
as a signature. 

VerSi ° n Contains the file format version 

number, which also serves as a 
signat ure . 

lMaxRecordNumber r fl .».,„. ». 

contains the number of the 

highest record, ever allocated 
from within HPOMF.CAT (this 
highest record may or may not be 
free ) . 

Table 2, below, contains the fields for file records in 
HPOMF.CAT for file records other than file record 0: 
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.Ct.o.. o. each systea rile is 

n 0 '-' given. 

System Tile 601, Kpn« CA~ = 

-CA. , i3 a .so referred to as 

SYSCA7. KP0KF.CA7 is a catalog of ,i, , 

5 or a_ the existing objects 

i« the sys-.e:. Ir Figure 7*. H?C« Ci- ■ 

. . a. u... .CA t is shewn to b- 

r *" rd °" i8n, -" i - K?0 — »» • Pi-m, or m . 

although H?0KF.r A T ~. v , 

-A- -ay contain C any B3re file records than 
sre shown in F - r - o 7-3 - - , 

F — • - 73. rue record 0 is a header which 

contains various signatures a.- ia u , e ^ tn 

is used to manage a list of 

free nie records. a 

5 - gni -' Jre i3 Xnown value which if 

Present indicates that the 'it, is P4 .. 

- is net corrupted . File 

record 1 through f'le r*-*** a 

i.ie record 8 and additiorai r< i - 

1U3na i rile records 

(not shown) either defir 



ree 



ine an «*iatir.g object, or are 
^ Pref€rr " — « ? 0HF.CAT can grow < ynaaica ,, y 

as .ore rile records are needed, but cannot . hrln!c . 

record , defines a special object called the 
8l0b81 Parent - ^ P — t ^s a ror 8 dlff . r , Bt than 

•v.ry other object, and oa y be regarded as a -p Seudo - 

° f Sl ° bal ° bJ ' 8t 250 260, global object „l 

-ro Ugh 11.. 26l, Blobil ebJect 252 throughUnk 

-jec t 25 3 through l ink 26 3 . global object 2 5 * through l ink 

.n. global object 255 through Hnk ^ 
Global object, 250-255 are also within HP0MF .CAT. Each 
Global object 250-255 fflay be a parent or one or D ore objects 
i" OMF .CAT. Each object in HFOHF.CAT w hich i, not a 
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u '" ln a rae.-.u window 797 r ». 1 » 

.9? results in the data wi t M„ 

w:„ io „ 79,. resl °" 795 ° f 

° bJe " 706 '«••'»-.. »«..».... .. Mni , 

,t,riWl " »»■> u nk 7JS ls changea 

I. not . etl ,., 0Hp , 00 Jeej Mt 

f equeat th. new data . 

" » «... «b. .„ «... (11B1(1 , present caje 

«• ".Pl.M- ia r , 5!0 „ 795 of „ lndow 70 ,_ a furt ^ 
«..erlp»,.» or tne „.„ Spec; , lcatlon3 ape found 
*PP«ncixtj B , C and 0. 

rn. «»,,•.„. tn . prej , nt lnvention ^ ^ 

TOT 1. to „.. u ,l,. lt wtR eMl< , 6J . c£ 70{ 
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706 xncwmg t,e Identity or a., y other detail, about each 
° thSr - ? * rent the n Bk U3lng on:y the 

reference naae of the 11.,,. The child object identifies the 

UBk USini JU3t dSta iO-«iflc.tion n u .ber of the lin*. 

OMF ,00 dee, all the translation and Identification of which 

lir.ks and which objects are involved. 

S/.t.. fll , 60«, HPOKF.PRP, la al90 P . ftpp , d fc0 „ 
S«P«0P. HPOMF.PRP contain, all the object end class 
properties except for the fast object propertle, which are 
contained in HP OMF .CAT. Each record in ,y,te. f lle 601 
(HP0KF.CA7) and ,y,te« file 6C2 (HP0MP.CLS) ha, , propertle, 
fi.ld. as de,cribed above. Each propertie, field contain, 
the fields described in Table 6 below: 



Table 6 



DiTDi skLoc 



Contain, the position (byte 
offset) within HPOMF.PRP 0 f the 
property list directory. 

n?rops Contains the number of 

properties in the property list. 
This i, the nuaber of entries in 
the directory entry array 
described below. 



Pools i ze 



Contain, the combined length of 
ail the name, of the properties 
in the property list, including 
a nuli-termlna.ting byte for each 
name. This l, the size of the 
directory name pool described 
below. 



For each object and for each el.,., at the Dir0i,kLoc 
Portion i, the HPOMF.PRP rile 1, the property directory for 
that object or that cla,s. The directory has two major 



/ 
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pcrtior.,: the entry array, followed by 

°y trie name pool . The 

entry array r.aa cre en > f 

= ■><■■ y ror each property in 

^ in the property 



list. 

-■•-•/ as : i e i 

Table ? 



Value ten 



Val ueOi akLoc 



Specifier the length in bytes of 
the associated property. Th\\ 
can be zero. 11,13 



CacheOf fael 



ass:?;,*:? K: l :. l ?:.«?-t;. 

associated property. if th * 
ValueLen is 2ero , thl 3 lf alao 
«ro and there is „ 0 valu e ° 
stored anywhere. 

This field i 9 only „. d 

;;r r ?;;. is »« «ea n i ngful [ n un 

r-.-i.t.i, fo:iowi ng th . . Btpy ar 

Tw,, 8 naae Pool, 
i — s portion of HP0!-p prp -„„.. ■ 

" <»« Wl-fr.!,,,,, „„„ 

, .» „. p^ tylIst , ln .... opaep <t 

— >,.p. rll .. „ ay lnc!u<u sucB tMn8j ^ t ■ 

user comaenta, a . , «. « 

e and tl.e of creation, the user who 
created the object * 

jecw, etc. For aore information on 

Properties, see Appendix o. 

HP0MP.P RP grovs dynaalcally aa ^ 

of HPOMF.PRP the^e i, , °«*lnnlng 

13 a , 28 byt . bltoap whlfih eentpois ^ 

— - first , 02 U pages of HP0„F.P RP . Each page 

- 32 bytes ln length . ^ ^ ^ 

>"..p. — - an array of WOP ds with the „ost 

significant bit 

c. each word used fi r3t . Thus, bits 15 

through 0 of the? r<r>m* 

the f.rst word of the bitaap control the 

allocation of Da*«« n *. w 

Pag-s 0 through , 5 of the file, respectively. 



/ 
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jo 



'5 



20 



-?5 



10 



75 



-0 



J5 



50 



55 



When storage in t w * r \ r *t in-n 

6 t..e .ipat tO<u pages is insufficient, a 

second bit.., is added to the Tile following page io 23 . 
This Mtoap controls the allocation or pages 102U through 
20tt7 f which i.«di.t.ly follow the second bitxap. 
Additional bit.,,, and pages are added in the saae way, as 



needed . 



Each directory and property value is stored as a single 
block in the file, i.e., as a contiguous run of pages that 
are all allocated in the same bitmap. This causes the 
restriction that no directory or value can exceed 32K bytes 
(102U times 32) in length. 

Syste. rile 605 , H?0Mc. INS> l3 also rererred t<j as 
STSIMSTL. HP0MF.IMS contain, a list of the files that were 
copied to the system when each class was installed. This 
information is used so that these file, can be deleted when 
the class is d e- 1 ns ta 1 led . 

The very beginning of HPOMF.IMS Is a double word value 
which serves as a va 1 1 dl ty/ ve r si on identifier. m the 
preferred embodiment the value of this double word must be 

0101ABCD hex to be valid. In Tahl» fl ► >,«. 

in laoie 8, this number is stored 

as shown because of the protocols for storage In the 
particular processor used by the preferred embodiment, i.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the double word comes a series of variable 
length records. There is one record for each installed 
class. The first word of each record Is the length of the 
rest of the record, in bytes. This is followed by the null- 



EP 0 497 022 A 1 



th . ... * 16 " Cla3s - T.len follows 

ti ' e ::le names of t*e ffi.. ^ 

f-1.3 ccp;ed to the OMF director^, 
ea:h te --«inated by a null fcvte 

' ' P"=««td by a byte which 

glVej the l««th of the file na-e i , 

1,Jding the len «^ !»yt. 

the null terminator. If tne fM 
, DiM , hC flle na « b «Si"3 with the 

special character - • » th . ... 

' * fllC 13 a33uaed to be located ln 
the HPNWPROC directory t r * „ r 

"-y- If the rile na B e begin* with the 
special character - + - th(S ,., 

a " <3 class "CDF"" 

C " • Cla 33 cau 3ed two rile, to be 

-stalled: to „ PHWPR0C dlp „. 66{J 

-fry. C l. SJ - CDE . CSU3ec , , ^ ^ 

..... ... ........ ef HP0MF . INS fcr _ 

example: 



Table 8 



of 'set content 

Length or AB record ( 12 

6 »i » 2 oo B1 «: cl " u 

9 on AB" * Mull 

Length of length byte -. 2 - , 

; is 54 °° 

Length of CDE record ( 10 
1U "3 UU on decimal) 

13 eg U5 00 "CDE- * Nun 

Length or length byte * -«XXX 
" *A 53 58 00 ..*„ N X U . !I . Nun 
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■•o 



'5 



20 



30 



-5 



SO 



System File 6 05 r KPOMF.SDF is also referred to as the 
"shutdown file". KPCHF.SD- exists only when the systea has 
been cleanly shut down. It is deleted as the systes starts, 
and created as it shuts down. On startup, if this file is 
missing, OMF assumes that the last session ended abnormally, 
and so it goes through its crash recovery procedures to 
validate and repair the system files as best it can. The 
systea files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
lnterventicr. . Certain other kinds of file consistency 
errors are detected, but are not really possible from an 
"ordinary" system crash. These errors are in general not 
correctable and the OMF will not allow the system to come up 
in this case. 

If HPCKF.SDF is present, it contains a list of objects. 
When the system is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the systea is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
word is non-zero, OMF will execute its crash recovery code 
ever, though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
sequence ef three byte records. The first two bytes of each 
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record contain the tag of the object to be restored. The 
least significant byte i 3 first.- The third byte t , not used 
in the preferred embodiment, and is zero. 

For example, if the system is shut down cleanly in the 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the contents of 
HPOMF.SDF will be as set out in Table 9 below. 

Table 9 

offset content comments 

0 00 00 Indicates no crash recovery 

needed 



2 02 00 

U 00 

5 07 00 

7 00 



Tag of first object to restart 
Unused and reserved 
Tag of second object to restart 
Unused and reserved 



System fil e 7, HP0MFIC0. NWE , is a Microsoft Windows 
dynamic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a program sold by 
Microsoft Corporation, having a business address at 1601 t NE 
36th Way, Redmond, WA 98073-9717. HPCMFICO.NVE also 
contains as -resources" the icons of each installed class. 
0MF modifies HPOMriCO.MWE directly during run time, and 
loads and unloads it to get the Icon resources fro. It. The 
format of HP0MFIC0.NWE is defined in Microsoft Windows 
documentation distributed by Microsoft Corporation . 

Normally working with a view (,ee discussion on views 
above) causes a child's application to be invoked. Where 
large applications are involved, this can cause a lot of 
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™».e..,.r, .«rh..4. Tr., u Je or S „ a „ h o tl aUou thl3 
overhead to be e 1 i i i .-.a t ed . 

A sn . P 3ho*. i, an object that use, executable code fro, 
a separate library referred to as a dynaaic acce S3 library 
o (or DAL) rather than using the full application executable 
code. The only dat , rile a330Clatecl wlth a 3napshQt 
contain, data which la t0 be 3ent fr0ffl a chll<J 
•» Parent object. The code which encapsulates the data file 
although referred to as a dynamic library, is still stored 
in directory HPOMFP ROC (directory 668). 

Tor exa.ple, Figure 8, shows a parent object 501 linked 
to a chlic object 502 through a link 50U. Associated with 
« link 50. is a snapshot 5 0 3 . Once child object has designated 

• n.pshot 503 in a view specification record for link 5 o«, 
^ "ap 3 hot 503 is able to provide data fro D child object 502 
to parent 501 without the necessity of invoking an 
application associated with child object 502. 

As shown in Figure 82, when there i, no snapshot, child 
object 502 0 ust be active in order to send view data 522 to 
^ Parent object 50,, lB oreler fop papeRt obJect ^ ^ 

view data 522 in a window display 52). m Flgure 83| 
however, snapshot 503 is shown to provide, view data 522 to 
J5 Parent object 501 without the necessity cf child 502 being 
active. r urtnep iBpl „„ t , tl0fl dBtma of snapshots ape 
given 1, Appendix B , Appendix C and Appendix D. 

Appendix A is a list of major data structures within 
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Present invention. 
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„..„.. hcu tlt preferfed easoalaent 

the present Invention mav b* « i 

y ^ l "' l ««»t.d. including detail a 3 
-o how 0 MF ioo allow, data to be viewed b. t 

lewed b «tween windows 

displayed on monitor ift . 

Appendix D (Chiat»r a «. „ 

Chapter 2 0 f Prograaaer • 3 Cutde) flve3 a 

further overview nt w - 

of the preferred e 0 bodi,ent of the present 
invention, further detail as ta ► 

as to the operation of the 

preferred eaoodieent or m.. - 

of the present invention. 
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Claims 



An object based disputed computer system compris.ng a network of workstations and means tor 
transmitting ob,ects between workstations characterised by obiects including a first ob,ect type for 
storing data and a second ob,ect type for present-ng data to a user, wherem objects of the second type 
(V-c) reference an assocated object of the first type (V-s) to enable a plurality of users of workstat.ons 
to access data of the object 3 f the first type, compris.ng means for transm.tt.ng an object of the second 
type (V-c, between workstat.ons thereby to create a reference to the assocated ob,ect of the first type 
iv-s) for each workstation receiving an cbiect of the second type. 

A system accord.ng to claim i comor.smg means for cooy.ng an object of the second type (V-n 

between workstations. 
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A system according to claim I cr claim 2 "herein transmuted ob,ec;s of the second type iV-cnncluce 
an icennfier (60) for tne associated ociec. of the first type (V-si. 

A system according tc any preceding claim ,n the form of a conferencing system comprising means 
enaoimg users of the workstations to oarticipate .n a meeting over the network wherein obiects cf the 
f-rst type (V-s» store meeting data anc odects of the secona type (V-c) are for presenting meeting cata. 

A method of convening a meeting using a system as claimed ,n claim 4 comprising transmitting an 
ob,ect of me seconc type iv-ci between workstations thereby to create a reference to the associated 
ooiect of tne first type <v-si for each workstation receiving an obiect of the second tyoe 
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